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188a Sunday, February 26, 2012tackle this challenge and are in the process of developing microfluidic assays
for PTMs that would complement protein interactions. Our goal is to estab-
lished a multi-dimensional microfluidic platform that can recapitulate a bio-
chemical pathway in vitro in both the interaction and PTM dimensions.
Here, I will present our advance toward this goal. We have established an assay
to detect specific Tyr phosphorylation and dephosphorylation. A second advan-
tage obtained with this assay is the ability to take ‘snapshots’ of physiological
conditions by flowing cell extracts onto the microfluidic device. Another ad-
vantage of the microfluidic approach is that we can gain high-throughput while
still being quantitative. In the future, we plan to expand the arsenal of modifi-
cations and expand the platform into proteomic-scale screens.
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Carbon dioxide sequestration is an essential component of climate change mit-
igation, including geologic sequestration the underground storage CO2, and
surface sequestration. Carbonate minerals are stable forms of CO2 storage,
but their geologic formation is slow. Many microbes alter carbonate mineral
morphology; however mechanisms of such mineralization are largely un-
known. Hypothesized mechanisms include metabolic processes that alter pH
and supersaturation, as well as cell surface properties that induce mineral nu-
cleation. This work systematically investigates these mechanisms by allowing
calcium carbonate (CaCO3) formation in the presence or absence of microbes
with various native surfaces features including lipopolysaccharides, surface
layer proteins (S-layers) and engineered surface features.Surprisingly, forma-
tion of stable crystalline CaCO3 was accelerated by the presence of all microbes
relative to abiotic solutions. This rate acceleration also occurred for metaboli-
cally inactive bacteria, indicating that metabolic activity was not necessary.
Rather, since CaCO3 crystals increased in number as the cell density increased,
results indicate that many bacterial species accelerate the nucleation of CaCO3
crystals. To understand the role of specific biomolecules on nucleation, we en-
gineered variants of surface layer proteins (S-layers), which are tractable
models to evaluate surface interfaces through peptide display. Bacterial surface
charge and cation binding was assessed and correlated to bacterial surface
chemistry and biomineralization experiments. From these results, we propose
that the S-layer surfaces that can selectively attract Ca2þ ions, serve as nucle-
ation sites for CaCO3, thereby accelerating crystal formation, and that engi-
neered variants with selective cation binding enhance this effect. These
observations provide substantive evidence for a non-specific nucleation mech-
anism, and stress the importance of microbes, on the rate of formation of car-
bonate minerals. This work also indicates that microbes with tuned S-layer
surfaces could be used to enhance the sequestration of CO2 as stable mineral
carbonates. http://foundry.lbl.gov/afgroup/index.html
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Peptide amphiphiles (PAs) self-assemble into nanoparticles that can resemble pro-
teins in both structure and function, and are highly sought after for a litany of ap-
plications ranging from disease diagnostics to therapeutics. However due to their
propensity to form large or highaspect ratio particles suchasvesicles or cylindrical
micelles, respectively, their use is limited where small spherical particles are pre-
ferred. Here we report a modular approach for directing the self-assembly of bio-
relevant PAs into spherical, sub-100nmstructures usingdendrimers designedwith
hydrophobic peripheries as supramolecular templates. Two PAs that naturally
form large aggregates were employed as models. Specifically, di-C16-bZip,
a DNA binding PA sequence, which self-assembles into micron-long cylindrical
micelles, and di-C16-NLS, a cell internalization PA, which self-assembles into
polydisperse vesicles of 100 to 400 nm in diameter, were used.
The dendrimer templating approach was successful directing the self-assembly
of both PAs to form 50 nm spherical particles, which were designated ‘‘protein
resembling templated nanospheres’’ (PRTNs). The dendrimer directed assem-
blies were significantly more stable when compared to their PA-only counter-
parts, indicated by a decrease in their critical aggregation concentration and
their enhanced stability in the presence of serum proteins. bZip peptides dis-
played in the PRTNswere in their native helical conformation, andDNAbinding
studies showed that the peptide retained activity. 50 nm PRTNs possessing bothDNA binding and cell internalizing functions were formed by mixing di-C16-
bZip and di-C16-NLS, and their co-assembly was confirmed by FRET. These
particles were bio-compatible and were internalized by cells through an endo-
cytic pathway. Having developed a reliable approach to control the assembly
of PAs, we seek to further employ this versatile and modular method for the fab-
rication of synthetic multifunctional protein-like particles from the bottom-up.
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Nano- and microparticles are frequently used as carrier systems for delivering
therapeutics as well as diagnostics (theranostics) at cellular level. We studied
the morphology of a wide variety of such particles suitable as theranostic-
carrier by freeze-fracture transmission electron microscopy (ff-TEM). As a cry-
ofixation, replica, and transmission EM method it is a powerful tool to monitor
self-assembling of lipid-, polymer-, as well as protein/peptide-based carriers
encapsulating drug-, gene-, vaccine, antimicrobial- and imaging molecules
[1]. At the resolution limit of 2nm we are able to characterize nano particles
such as quantum dots (coupled to drug-loaded immunoliposomes), gold
nano-particles, superparamagnetic iron oxide nano-particles loaded in poly-
meric immunomicelles, micelles (spherical-, disc-, and worm-type micelles),
single-wall carbon nano-tubes embedded in hydrated gels, and small unilamel-
lar liposome (targeted and non-targeted) on nano-scale resolution. Furthermore,
ff-TEM allows the production of beam-damage-resistant replica from much
larger, micrometer-size objects such as multilamellar liposome, niosomes, cat-
ionic liposome/DNA complexes, integrin-targeted lipopolyplexes, polymer-,
lipid- or surfactant-stabilized gas bubbles, cochleate cylinder [2], depofoam
particles, and drug crystals. This way we are able to study nano-scale events
in micro-scale biological as well as artificial assemblies. Ff-TEM enables us
not only to characterize nano- and microcarriers suitable for theranostics, but
is the method of choice as well to study their fate related to their pay load, ap-
plication milieu, and during cell interaction. Furthermore, we investigated
structural modifications within bilayers such as domain-formation [1] but
also transformations to non-bilayer structures such as hexagonal and cubic
phases. Currently we are focused on cochleate cylinder as macrocarrier for an-
tibiotics combating bacterial multidrug resistance [2].
References
[1] B. Papahadjopoulos-Sternberg, In: Liposomes: Methods & Protocols, Hu-
mana Press, 606 (2), 22 (2010) 333.
[2] L. Levine et al. FASEB J. 24 (2010) 5092.
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To fully understand cell functioning and stochastic gene expression patterns, it
necessary to measure molecular interactions at the single cell level. Advances in
microscopy as well as genomics technology have enabled detailed analysis of
gene expression at the single-cell level, but the means to manipulate individual
cells are still limited. Nanotechnology-based tools having high sensitivity and
low invasiveness are holding great promises as new biomedical devices for sin-
gle cell manipulation. The fully electrical read-out as well as the ease and low
cost of fabrication are unique features that give nanopipette technology enor-
mous potential. We developed a single-cell manipulation platform based on
nanopipettes. The system uses scanning microscopy techniques to position
the nanopipette with nanoscale precision, and electro-wetting to aspirate minute
amount of cytoplasmic material from individual cells without comprising cell
viability. It is well documented that the application of a voltage at the interface
across two immiscible liquids changes their surface tension. The resulting force
is sufficient to cause liquid to flow into/out of the nanopipette, with displacement
volumes much smaller than a typical mammalian cell. Multiple biopsies can be
taken from the same cell to study gene expression patterns. We will present pre-
liminary RNA-seq data of material biopsied from a single cell. We envision that
this technologywill allow biological analysis with unprecedented level of detail,
allowing a better understanding of single cell dynamics.
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With strong substrate specificity and multitude of control points, biological nano-
pores are promising devices for developing reagentless DNA sequencing, bio-
alarm systems, monitoring single-molecule chemical reactions, bio-inspired
Sunday, February 26, 2012 189abatteries and nanotransistors. However, these applications have been only ex-
plored under controlled laboratory conditions. The limitations of biological nano-
pores such as lack of stability, non-specific binding, and in some cases undesirable
pore size are hampering their applications in uncontrolled environment of the real
world, where extreme temperature and denaturing conditions are often encoun-
tered. As a significant number of these biological pores are b-barrel membrane
proteins (porins and a-hemolysin), we have developed a statistical mechanical
model from detailed combinatorial analysis of natural b-barrel membrane pro-
teins. Our computational method can identify weakly stable residues and
protein-protein interaction interfaces [1]. It can also be used to generate enhanced
porins with increased stability. In the case of human Tom40, weakly stable resi-
dues were replaced with stable residues, which significantly increased the resis-
tance of the protein to thermal and chemical perturbation [2]. Moreover, by
engineering mutants based on computational predictions, we were able to abolish
the protein-protein interactions in human Tom40 [2] and a bacterial porin OmpF.
Our framework can also be used to study the assembly of multichain b-barrel
membrane proteins into a single b-barrel. It is envisioned that by understanding
the assembly mechanism of these proteins, a single b-barrel from desired number
of interacting chains can be engineered. This will help to design nanopores with
desirable pore size along with improved stability and functionality. Our method
is general and can be adapted to many natural b-barrel porins.
[1] Naveed et. al. Proc Natl Acad Sci U S A, 2009. 106(31):12735-12740.
[2] Gessmann et. al. J Mol Biol, 2011. 413(1):150-161.
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Gel electrophoresis is among the most widely used techniques for separation,
characterization, and purification of proteins, nucleic acids, and other molecules
including peptides, amino acids, and nucleotides. Electrophoreticmeasurements
can rapidly and reproducibly characterize the size, charge, shape, and purity of
these molecules. In this work, we present new measurements of electrophoretic
mobility of the protein bovine serum albumin (BSA) in agarose and poly-
acrylamide gels, using an optical technique that employs a modified spectropho-
tometer. Themolecular transport rate of BSA due to imposition of a known elec-
tric field is investigated in (2-6 %, w/w) agarose gel as well as in (5-15%, w/w)
poly-acrylamide gel. By directing the collimated light of the spectrophotometer
through a gel/proteinmatrix,we characterize themolecularmotion of the protein
under the influence of an applied electric field. We thereby measure the electro-
phoretic mobility of BSA in agarose gels for the first time, and compare these re-
sults directly with the BSA mobility measured in poly-acrylamide gels.
This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344.
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We report a DNA zipper based actuator device termed ‘DNA- spring’ with tun-
able and repeated cycles of extension and contraction ability. DNA zipper is
a double-stranded DNA system engineered to open upon its specific interaction
with appropriately designed single strand DNA (ssDNA), opening of the zipper
is driven by binding energy differences between the DNA strands. The zipper
system is incorporated with defined modifications to function like a spring, ca-
pable of delivering ~9 pN force over a distance of ~13 nm, producing ~116 kJ/
mol of work. The spring described here consists of four DNA oligonucleotides
totaling 244 bases that utilize ssDNA to trigger its extension and contraction.
Time-lapse fluorescence and fluorescent DNA gel electrophoresis analysis is
utilized to evaluate and confirm the spring action. A second zipper incorporated
into the spring provides the ability to couple/decouple to an object/substrate.
Such devices would have wide application, including for conditionally trig-
gered molecular delivery systems and as actuators in nano-devices.
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Azobenzene is a photochromic molecule that undergoes rapid and reversible
isomerization between the cis- and trans-forms in response to ultraviolet (UV)
and visible (VIS) light irradiation, respectively. Previously, we have cross-linked reactive cysteine SH1 and SH2 of skeletal muscle myosin subfragment-
1(S1) with the sulfhydryl-reactive bifunctional azobenzene derivative,
azobenzene-dimaleimide (ABDM) and succeeded to induce lever arm swinging
reversibly by photo-irradiation. The results suggested that it might be possible
to control or drive motor proteins by light irradiation. In the present study,
we have employed photochromicATP analogues that change its structure revers-
ibly by light irradiation in order to photo-regulate function of myosin.
Phenylazobenzoyl-iminoethyl-Tri-Phosphate (PABITP) have been designed
and synthesized. PABITP was hydrolyzed by skeletal muscle myosin
subfragment-1 (S1) and induced dissociation of acto-myosin. Formations of
S1-PABIDP-Pi analogues (AlF4
-, BeFn) ternary complexes that may mimic dif-
ferent transient states in ATPase cycle were examined. The formations of the ter-
nary complexes were monitored by competing with fluorescent ADP analogue
Mant-ADP. Trans PABITP formed the ternary complexes with AlF4
- and
BeFn. Interestingly, formation of S1-PABIDP-BeFn was saturated at 50%. It is
known that there are two species of BeFn, which have different number of fluo-
rine. One of them forms M*ATP state and the other forms M**ADPPi state.
As S1-ADP-AlF4
- ternary complex mimic only M**ADPPi state. Therefore,
trans PABIDP forms predominantly ternary complexes mimics M**ADPPi
with BeFn and AlF4
-. The photo-isomerization to cis PABIDP by UV irradiation
decreased the stability of the ternary complexes.The results suggest that transPA-
BITPmaymimic transient state ofM**ADP-Pi state and isomerization to cisPA-
BITP induced transition to other state in ATPase cycle.
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Enterovirus 71 (Ev71) is a viral pathogen that may make children morbidity and
mortality within 2-4 days after development of rash. Early detection of Ev71 can
reduce mortality rate and neurologic sequella of infected children. At the same
time, the incidence and prevalence can be reduced by early isolation Ev71 car-
riers.Conventional detection device is not sensitive enough for early detection of
Ev71. It is known that the AC signal of electrochemical impedance spectroscopy
(EIS) provide more information for detecting the small amount bio-molecules,
such as protein, RNA andDNA. In this study, we have created a portable electro-
chemical impedance spectrometer and a specific probe for rapid and high sensi-
tive Ev71 detection. The antibody and deactivated virus samples are obtained
from Centers for Disease Control, Taiwan, R.O.C. By EIS analysis, the differ-
ence between Ev71 and Coxsackie A16 virus (CA16) can be characterized
and the detection limit for EV71 is as low as 29.8 /50ml. At the same time,
the over all detection time can be finished within ten minutes. This is the
most sensitive and rapid Ev71 detection platform to our knowledge.
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The ability to design highly specific protein binders to disrupt protein-protein
interactions would have immediate application to treatment of many diseases
and for the dissection of protein-interaction networks. We recently developed
a general computational method for the generation of de novo protein binders.
Our methods focus on the incorporation of ‘‘hot-spot’’ residues onto protein
scaffolds to generate protein binders to specific epitopes on proteins of interest.
We demonstrate how combinations of a small number of newly generated high-
affinity sidechain interactions with the target epitope of human IgG result in
a new set of Fc binding proteins with new characteristics. By applying directed
evolution methodologies via yeast surface display and deep sequencing, we op-
timized successful designs and explored their propensity for new properties,
such as pH dependence and specificity for antibodies of different species.
Our computationally designed and evolved proteins will have direct practical
applications, such as providing new material for affinity chromatography for
the purification of various antibodies or Fc-fusion proteins.
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Giant unilamellar vesicles (GUVs) are an excellent model system for the inves-
tigation of lipid membranes, the study of membrane proteins and ion channels in
